A yellow-pigmented, Gram-stain-negative, short-rod-shaped bacterial strain, MIMD3
The genus Sphingomonas, which phylogenetically belongs to the Alphaproteobacteria [1, 2], was first described by Yabuuchi et al. [3] . Based on refined phylogenetic, chemotaxonomic and physiological analyses, the former sphingomonads have now been divided into five genera: Novosphingobium, Sphingobium, Sphingomonas, Sphingopyxis and Sphingosinicella [4, 5] . At the time of writing, the genus Sphingomonas contains 101 validly named species (http://www.bacterio.net/sphingomonas.html). Members of the genus Sphingomonas are Gram-stain-negative, non-spore-forming, rod-shaped bacteria.
In the present study a bacterial strain was isolated during a survey of cultivable aerobic bacteria in biological soil crusts and subjected to further taxonomic analysis using a polyphasic approach. Strain MIMD3
T was isolated by standard dilutionplating techniques on solid R2A medium. The plates were incubated at 25 C for 1 week. Single colonies were purified by transferring to new R2A agar. The isolate MIMD3
T was cultured routinely on R2A agar at 25 C and stored in nutrient broth containing glycerol suspension (25 %, w/v) at À80 C.
Genomic DNA was isolated by using a genomic DNA isolation kit (Tiangen Biotech). Amplification of the 16S rRNA gene and sequencing of PCR products were carried out according to Du et al. [6] . The resulting 16S rRNA gene sequence was compiled using SeqMan software (DNASTAR). The taxonomic position of the strain based on its 16S rRNA gene sequence was analysed via the EzTaxon server [7] and the results showed that the strain belonged to the genus Sphingomonas. To identify the nearest taxa, a BLAST search of public databases was also carried out and closely related sequences were retrieved for further phylogenetic analysis [8] . Based on Kimura's two-parameter model [9] , phylogenetic trees were reconstructed using the neighbour-joining and maximum-likelihood methods through MEGA version 5.0 [10] . The Gram reaction was tested using the method described by L anyi [11] . Catalase and oxidase activities were tested according to standard methods [12] . Cell morphology was observed under a phase-contrast microscope (Eclipse 80i; Nikon). The temperature range for growth was determined in R2A broth at 5, 10, 15, 20, 25, 28, 30, 35, 37, 40, 45, 50, 55 and 60 C. Salt tolerance was tested on R2A medium supplemented with 0-5 % (w/v) NaCl (in increments of 0.5 % units, w/v) after 5 days of incubation. The pH range for growth at final pH 4.0-10.0 (in 0.2 pH unit increments) was determined in R2A broth by assessing changes in OD 600 of the cultures incubated at 25 C on an orbital shaker at 100 r.p.m. for 10 days as compared with an uninoculated control. The following biological buffers were used to adjust the pH: Na 2 HPO 4 /NaH 2 PO 4 for pH <9 and Na 2 CO 3 / NaHCO 3 for pH 9-10 [13] . Sensitivity of strain MIMD3
T to antibiotics was tested by the disc diffusion method on R2A agar plates as described previously [14] . Enzyme activities and other physiological characteristics were determined with API ZYM, API 20NE and API 50CH strips based on the manufacturer's instructions (bioM erieux). The substrates that strain MIMD3
T could utilize as sole carbon sources were tested using GENIII plates (Biolog) according to the manufacturer's instructions.
Cells of strain MIMD3
T were Gram-stain-negative, shortrod-shaped, yellow-pigmented, and oxidase-and catalasenegative (Table 1) . Cells were about 0.62-0.75 µm in width and 1.07-1.46 µm in length. Growth was observed at salinities from 0 to 1 % (optimum 0 %), and pH from 5 to 8 (optimum 6.6). Contrasted with other species of the genus Sphingomonas, strain MIMD3
T had a more broad growth temperature range from 10 to 37 C with an optimum of 25 C. Strain MIMD3 T was found to be sensitive to (µg per disc except where indicated) cefoperazone (75), oxacillin (1), penicillin G (10 U), metronidazole (5), furazolidone (100), carbenicillin (100), cefamezin (30), cephalexin (30), minocycline (30), ciprofloxacin (5), norfloxacin (10), ampicillin (10), ofloxacin (5) For respiratory quinone analysis, cells were grown in R2A broth at 25 C, shaken at 120 r.p.m. for 5 days, collected and freeze-dried. The respiratory quinones of strain MIMD3 T and its closest reference strain, S. vulcanisoli KCTC 42454 T , were extracted, purified using TLC on silica gel and finally analysed through HPLC, as described by Tindall et al. [15] . Polyamines were extracted from strain MIMD3
T and S. vulcanisoli KCTC 42454 T , and analysis was carried out as described by Busse and Auling [16] and Busse et al. [17] . Cells were cultivated in R2A broth at 25 C for 5 days, homogenized in 0.2 M perchloric acid and centrifuged. Polyamines in the resultant supernatant were treated with dansyl chloride solution (7.5 mg ml À1 in acetone), and analysed by HPLC on a D-7000 instrument (Hitachi) and UVVis detector L-7420 (Hitachi). Polar lipids were extracted according to the method of Minnikin et al. [18] and examined by two-dimensional TLC [19] . The results showed that strain MIMD3
T contained Q-10 (90.1 %) as the predominant isoprenoid quinone with small amounts of Q-8 (3.6 %), Q-9 (5.5 %) and Q-11 (0.8 %) and sym-homospermidine (99.8 %) as the major polyamine with a minor amount of putrescine (0.2 %). The total polar lipids of strain MIMD3
T were phosphatidylethanolamine, phosphatidylglycerol, phosphatidylcholine, sphingoglycolipid, one unidentified aminolipid and one unknown phospholipid (Fig. S4) . The polar lipid profile of strain MIMD3
T was similar to those of S. vulcanisoli, S. formosensis, S. fennica and S. wittichii, which comprised phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol and sphingoglycolipid in these closest phylogenetic neighbours. 
Assimilation of (API 20NE):
Utilization of (API 50CH): Fatty acids were analysed according to the protocol described by Sasser [20] , using the Sherlock Microbial Identification System version 6.1 (MIDI). The major fatty acids of the strain were summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c) (44.9 %), C 19 : 0 cyclo !8c (22.5 %), C 14 : 0 2-OH (9.5 %) and C 16 : 0 (9.3 %), a profile that was characteristic for the genus Sphingomonas [21] . C 19 : 0 cyclo !8c was found in strain MIMD3 T , but absent from S. vulcanisoli KCTC 42454 T and S. formosensis CC-Nfb-2 T (Table 2 ).
For analysis of DNA G+C content, a DNA sample was prepared and degraded enzymically into nucleosides as described by Mesbah et al. [22] . Analysis showed the DNA G+C content of strain MIMD3 T was 65.0 mol%, which was in the range of values reported for Sphingomonas species (60.0-72.2 mol%), but different from its closest relatives.
Carbon sources utilized by strain MIMD3
T were clearly different from its closest relatives. Carbon sources that could be used included raffinose, D-galacturonic acid, L-galactonic acid lactone, D-glucuronic acid, a-ketoglutaric acid, bromosuccinic acid, nalidixic acid and a-D-glucose. In the API ZYM system, activities of alkaline phosphatase, leucine arylamidase, valine arylamidase, chymotrypsin, acid phosphatase, a-galactosidase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, b-glucuronidase, a-glucosidase, bglucosidase and N-acetyl-b-glucosaminidase were present, but esterase (C4), esterase lipase (C8), lipase (C14), trypsin, cystine arylamidase and b-fucosidase activities were absent. In the API 20NE system, aesculin, gelatin, pNP-b-D-glucopyranoside, N-acetylglucosamine, maltose, gluconate and malic acid were assimilated, but D-glucose, urea, L-arabinose, decanoic acid, adipic acid, citric acid and phenylacetic acid were not. In the API 50CH system, D-arabinose, L-arabitol, D Based on the data presented, we conclude that strain MIMD3
T represents a novel species of the genus Sphingomonas, for which the name Sphingomonas crusticola sp. nov. is proposed. 
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